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XVHGWRLQYHVWLJDWHKRZSDUWLFLSDQWVHVWLPDWHDFPVDJLWWDOGLVWDQFHEHWZHHQDEXWWRQWRXFKLQJWKHULJKWLQGH[ILQJHUDQG
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WRXFKHGSRVLWLRQRQWKHXSSHUOLPEFDQELDV
WKHDSSDUDWXV6XFKDUHVXOWZRXOGEHVXUSULV
OLPESRVLWLRQLQUHODWLRQWRWKHDSSDUDWXV7R
XQDOWHUHG LQ DEVROXWH VSDFH EXW WR DOORZ WKH
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&RPPLWWHHDSSURYHGWKHVWXG\DQGZULWWHQLQ

7KHSDUWLFLSDQWVHWXSZDVQHDUO\LGHQWLFDOWR
KLPZLWKWKHKDQGLQWKHPHGLDQVDJLWWDOSODQ
IRUHDUPZHUHIOXVKDORQJWKHOHIWVLGHRIDIOD
LW SRLQWHG WRZDUG WKH EXWWRQ 2Q HDFK WULD
GHSUHVVHGLWWKHUHE\DFWLYDWLQJWKHSUREHZK
ZULVW7KHH[SHULPHQWHUHQVXUHGQRPRYHPH
LQGH[ILQJHUIOH[LRQWRDFWLYDWHWKHSUREH

2Q HDFK WULDO WKH SDUWLFLSDQW SDXVHG PRP
FHQWLPHWUHV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OHIWDUP7KLVGLVWDQFHZDVREMHFWLYHO\VHSDU
7KHUHIRUHDWRWDORIHVWLPDWHVZHUHFROOHF


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,QGLFDWLYHSRVLWLRQVRIWKHOLPEV
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7KHFRQGLWLRQVZHUHFRXQWHUEDODQFHGEHWZHH
EXWWKHQKDOIWKHSDUWLFLSDQWVPRYHGRQWR
WULDOVDQGWKHQSURFHHGHGZLWKWKHFPEHK
WKH FPEHKLQG FRQGLWLRQ  EORFNV RI  W
EORFNVRIWULDOV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
3DUWLFLSDQWV ZRUH KHDGSKRQHV WKURXJK ZKL
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HDFKSDUWLFLSDQWKDGWKHLUHOERZWRILQJHUWLS
DQGVKRXOGHUZKLFKZDVWKHRQO\OHQJWKWRF
FKDQJHVDWWKHHOERZDQGVKRXOGHUIRUHDFKS

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VWUDWHWKDWSDUWLFLSDQWVHVWLPDWHRIVDJLWWDOVHSDUDWLRQ
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XOG FDXVH WKH SDUWLFLSDQWV WR SHUFHLYH WKH WRXFKHG
KHUHWKHSHUFHLYHGOLPEOHQJWKLVWUDGHGWRSHUFHLYH
UQHGLIUHSHDWHGWDFWLOHVLPXODWLRQRIWZRPLVDOLJQHG
SHUFHLYHGVDJLWWDOVHSDUDWLRQ,QVWHDGWKLVVWXG\LVLQ
GLVWDQFHHVWLPDWHVE\SDUWLFLSDQWVZLWKQRFKDQJHWR
LQJGXHWRWKHSDUWLFLSDQWV¶DSSDUHQWQHJOHFWRISURSU
PHDVXUHWKLVHIIHFWHPSLULFDOO\WKHSRVLWLRQRIWKH
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 RI WKH ULJKW DUP LQ WKH VDJLWWDO SODQH FPEH
QZKHUHWKHDUPVZHUHGLUHFWO\SDUDOOHODQGMRLQWDQJOH
G 8QLYHUVLW\ RI 7HFKQRORJ\ )RXUWHHQ LQGLYLGXDOV
ULO\DQGZHUHQRWUHLPEXUVHG3DUWLFLSDQWDJHVUDQJHG
OHYDQW VHQVRU\PRWRU RU FRJQLWLYHPHGLFDO FRQGLWLR
LQFOXGHG7KH4XHHQVODQG8QLYHUVLW\RI7HFKQRORJ\
IRUPHGFRQVHQWZDVREWDLQHGIURPDOOSDUWLFLSDQWVSUL
>@7KHSDUWLFLSDQWZDVEOLQGIROGHGDQGVWRRGKROGL
H7KHPLGGOHILQJHUUHVWHGLQDVORWLQDEDFNVWRSDQ
WZRRGHQVHSDUDWLRQEDUULHU7KHULJKWLQGH[ILQJHUZ
O WKH VXEMHFW IOH[HG WKH ULJKW LQGH[ ILQJHU PHGLDOO
LFKSURWUXGHGWKURXJKDVORWLQWKHZRRGHQEDUULHUD
QWRI WKHXSSHUOLPERFFXUUHGWKURXJKRXWWKHH[SHUL
HQWDULO\ ZKHQ KH KDG GHSUHVVHG WKH EXWWRQ DQG JD
HEHWZHHQWKHSUHVVLQJILQJHUDQGWKHSRLQWDWZKLFK
DWHGLQWKHVDJLWWDOSODQHE\FP)RXUEORFNVRI
WHGLQGLYLGXDOO\IRUWKHQHXWUDOFPIRUZDUGDQGFP

DQGEXWWRQDQGSUREHVLWHVGXULQJWKHQHXWUDOFPIRUZDUGDQGFP
QSDUWLFLSDQWV$OOSDUWLFLSDQWVEHJDQWKHH[SHULPHQW
UHSRUWLQJWKHGLVWDQFHLQWKHFPIRUZDUGSRVLWLRQ
LQGFRQGLWLRQEORFNVRIWULDOV7KHRWKHUKDOIR
ULDOV DQG WKHQ FRQFOXGHG WKH H[SHULPHQWZLWK WKH 
FK D KLJKSLWFKHG WRQH PDVNHG WKH VRXQG RI WKH V
SDVVLYHO\PRYHGHDFKOLPELQWRSRVLWLRQ$WWKHFRQ
KDQG	VKRXOGHUWRHOERZOHQJWK	WKHKRUL]RQWDOGL
KDQJHRYHUFRQGLWLRQVPHDVXUHGWRDSSUR[LPDWHDQW
DUWLFLSDQW
FDQEHDOWHUHGIROORZLQJ
H\ K\SRWKHVL]HG WKDW WKH
SRVLWLRQV DV EHLQJ FORVHU
DOLJQPHQWRIWKHWRXFKHG
 WRXFKHGSRVLWLRQVRQWKH
WHUHVWHGWRH[DPLQHLIWKH
WKHVDJLWWDOVHSDUDWLRQRI
LRFHSWLYHLQSXWUHJDUGLQJ
SUREHRUEXWWRQUHPDLQHG
 OHIW DUPZDV HLWKHU FP
KLQG SUREH WRXFKHV FP
VPDWFKHG)LJXUH
 SDUWLFLSDWHG  PDOH 
IURPWRPHDQ
QV WKDWPLJKW DIIHFW WKHLU
+XPDQ5HVHDUFK(WKLFV
RUWRGDWDFROOHFWLRQ
QJWKHOHIWDUPLQIURQWRI
GWKHOHIWKDQGZULVWDQG
DVSDUWLDOO\IOH[HGVRWKDW
\ WRZDUG WKH EXWWRQ DQG
QGVWUXFNWKHOHIWKDQGRU
PHQWH[FHSWWKDWRIULJKW
YH D YHUEDO HVWLPDWH LQ
WKHSUREHZDVKLWWLQJWKH
WULDOVZHUHXQGHUWDNHQ
EHKLQGFRQGLWLRQV
EHKLQGFRQGLWLRQV
ZLWKWKHQHXWUDOSRVLWLRQ
FRQGLWLRQEORFNVRI
ISDUWLFLSDQWVEHJDQZLWK
FP IRUZDUG FRQGLWLRQ 
ROHQRLG SUREH DFWLYDWLRQ
FOXVLRQRIWKHH[SHULPHQW
VWDQFHEHWZHHQWKHHOERZ
KURSRPHWU\	MRLQWDQJOH
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5HVXOWV

7KHPHDQHOERZWRILQJHUWLSSUR[LPDOGLVWDOOHQJWKZDVFPKDQGSUR[LPDOGLVWDOOHQJWKZDVFPVKRXOGHUWRHOERZ
VXSHULRULQIHULRU OHQJWKZDVFPDQGWKHSUR[LPDOGLVWDOKRUL]RQWDOGLVWDQFHEHWZHHQWKHHOERZDQGVKRXOGHU IRUWKH
QHXWUDOSRVLWLRQZDVFP7KHFKDQJHLQHOERZDQGVKRXOGHUMRLQWDQJOHVZDVDSSUR[LPDWHO\GHJUHHVZKHQPRYLQJWKH
OLPEIRUZDUGFPHOERZH[WHQVLRQDQGVKRXOGHU IOH[LRQDQGGHJUHHVZKHQPRYLQJ WKH OHIW OLPEFPEHKLQGHOERZ
IOH[LRQDQGVKRXOGHUH[WHQVLRQWKHQHXWUDOSRVLWLRQ

$RQHZD\UHSHDWHGPHDVXUHV$129$ZDVFRQGXFWHGWRFRPSDUHWKHPHDQUHSRUWHGGLVWDQFHEHWZHHQWKHEXWWRQDQGSUREH
LQ WKH VDJLWWDO SODQH EHWZHHQZKHQ WKH DUPVZHUH LQ WKH QHXWUDO FP IRUZDUG DQG FPEHKLQG FRQGLWLRQV7KHUHZDV D
VLJQLILFDQW GLIIHUHQFH LQ WKH UHSRUWHG GLVWDQFH ZKHQ WKH DUPV ZHUH LQ WKH QHXWUDO FRQGLWLRQ 0  FP 6'  FP
FRPSDUHGWRZKHQWKHOHIWDUPZDVPRYHGIRUZDUG0 FP6' FPDQGZKHQWKHOHIWDUPZDVPRYHGEHKLQG
WKHULJKWDUP0 FP6' FP) S7KHPHDQZLWKLQJURXSUHSRUWLQJYDULDELOLW\GXULQJ
WKHWULDOVZDVFPDUPVSDUDOOHOFPOHIWDUPPRYHGIRUZDUGDQGFPOHIWDUPPRYHGEHKLQGULJKW

'LVFXVVLRQ

7DFWLOH'RPLQDQFH

7KHVHUHVXOWVGHPRQVWUDWHDVLJQLILFDQWO\UREXVWHIIHFW LQVXSSRUWRI WKHK\SRWKHVLVZKHUH WKHSDUWLFLSDQWVHVWLPDWHRI WKH
GLVWDQFHEHWZHHQWKHEXWWRQDQGSUREHZDVODUJHUFPLQWKHFPIRUZDUGFRQGLWLRQFRPSDUHGWRWKHQHXWUDOFRQGLWLRQ
FPDQGVPDOOHUFPLQWKHFPEHKLQGFRQGLWLRQ7KLVLVVRPHZKDWVXUSULVLQJUHJDUGLQJWKHSDUWLFLSDQWVDSSDUHQW
QHJOHFWRISURSULRFHSWLYHLQSXWLQGLFDWLQJOLPESRVLWLRQIROORZLQJDFKDQJHLQHOERZVKRXOGHUMRLQWDQJOHV,IWKHSDUWLFLSDQW
ZHUHRSWLPL]LQJSURSULRFHSWLYHLQSXWLWZRXOGEHH[SHFWHGWKDWPRYHPHQWRIWKHOLPEZRXOGWUDQVODWHLQWRDFRPSXWDWLRQWR
PDLQWDLQWKHVWDWXVTXRRIWKHSHUFHLYHGVHSDUDWLRQRIWKHSUREHDQGEXWWRQ

(VVHQWLDOO\ OLPEPRYHPHQW LV OLQNHGZLWK DQ DGMXVWPHQW LQ OLPE ORFDWLRQ:LWK UHVSHFW WRPRYHPHQW DURXQG WKH HOERZ
MRLQWLWLVUHFRJQL]HGWKDWWKHGHWHFWLRQWKUHVKROGVDUHDSSUR[LPDWHO\GHJUHH>@DQGVLPLODUYDOXHVIRUWKHVKRXOGHUMRLQW
>@7KHUHIRUHWKHPRYHPHQWDSSOLHGDWWKHHOERZDQGVKRXOGHUDSSUR[LPDWHO\GHJUHHVIURPWKHQHXWUDOSRVLWLRQ
MRLQWVZRXOGSHUPLWSDUWLFLSDQWVDFFHVVWRNLQDHVWKHWLFLQIRUPDWLRQUHJDUGLQJOLPESRVLWLRQFKDQJHV

7KHVH UHVXOWV LQGLFDWH WKDW WKH LQWHJUDWLRQRI WRXFK DQGSURSULRFHSWLRQ IROORZV D µPRGDOLW\ DSSURSULDWHQHVV¶ RUJDQL]DWLRQ
ZKHUHWDFWLOHFXHVFDSWXUHWKHSHUFHSWXDOV\VWHPDQGWKHUHOLDELOLW\RIWKHSURSULRFHSWLYHVLJQDOLVOHVVWKDQWRXFK>@7KH
PRGDOLW\DSSURSULDWHQHVVDUJXPHQWVXJJHVWVWKDWWKHVHQVRU\V\VWHPWKDWLVPRVWDSSURSULDWHIRUWKHSDUWLFXODUFRQWH[WZLOO
EHZHLJKWHGPRUHWKDQWKHRWKHUPRGDOLW\,WLVDFFHSWHGWKDWJHQHUDOO\YLVLRQLVWKHGRPLQDQWPRGDOLW\IRUVSDWLDOIHDWXUHV
ZKHUHDVDXGLWLRQLVDSSURSULDWHIRUWHPSRUDOLQIRUPDWLRQ,QWHUVHQVRU\FRQIOLFWVDUHUHVROYHGWKURXJKVXSSUHVVLRQRIWKHOHVV
UHOLDEOHVHQVH)RULQVWDQFHSUHYLRXVUHVHDUFKLOOXVWUDWHVWKLVSRLQWZKHQYLVLRQLVXVHGWRFRUUHFWWKHGLVFUHSDQF\EHWZHHQ
SURSULRFHSWLRQ LQ WKHSULVPJRJJOHVH[SHULPHQWV >@DQG WKH LOOXVRU\HIIHFWGHVFULEHGEHWZHHQYLVLRQDQGSURSULRFHSWLRQ
GXULQJWKHUXEEHUKDQGLOOXVLRQ>@7KHHIIHFWGHVFULEHGLQWKLVSDSHULVFRQVLVWHQWZLWKRWKHUFURVVPRGDOVWXGLHVRIVHQVRU\
GRPLQDQFH

7KHFXUUHQWILQGLQJVVKDUHVRPHQRWDEOHVLPLODULWLHVEXWDOVRLPSRUWDQFHGLIIHUHQFHVWRUHVHDUFKLQWRXFKDQGSURSULRFHSWLRQ
VHQVRU\LQWHJUDWLRQ5HIHUHQFH>@GHPRQVWUDWHGWKDWWKHUXEEHUKDQGLOOXVLRQGRHVQRWH[FOXVLYHO\UHIOHFWWKHGRPLQDQWUROH
RI YLVLRQ LQ DQ H[SHULPHQW WKH\ QDPHG WKH µVRPDWLF UXEEHU KDQG LOOXVLRQ¶ 7KH UHVHDUFKHUVPDQLSXODWHG WKH EOLQGIROGHG
SDUWLFLSDQW
VOHIWLQGH[ILQJHUVRWKDWLWVWURNHGWKHUXEEHUKDQG7KHH[SHULPHQWHUFRQFXUUHQWO\VWURNHGWKHSDUWLFLSDQW
VULJKW
LQGH[ILQJHU7KLVVSXUUHGDSHUFHSWLRQIURPWKHSDUWLFLSDQWWKDW WKH\ZHUHVWURNLQJWKHLURZQILQJHU6LPLODULWLHVEHWZHHQ
WKHVHILQGLQJVDQGWKHFXUUHQWVWXG\DUHWKDWWDFWLOHFXHVDSSHDUWREHZHLJKWHGZLWKJUHDWHUUHOLDELOLW\WKDQSURSULRFHSWLRQ
UHVXOWLQJLQDSHUFHLYHGPRYHPHQWRIWKHDUPLQWKHVRPDWLFDUPLOOXVLRQ+RZHYHUWKHUHVXOWVLQWKLVSDSHULOOXVWUDWHDQ
LQWHUHVWLQJGLIIHUHQFHZLWKLQWKHVWXG\RIWDFWLOHGRPLQDQFHZKLFKZLOOQRZEHRXWOLQHG

7KH6RPDWLF0DS

6WXGLHVE\ >@GHPRQVWUDWHG WKDW UHSUHVHQWDWLRQVRI WKH VNLQ VXUIDFH KDYH D VRPDWRWRSLFRUJDQL]DWLRQ WKH KDQG VHQVRU\
LQSXWLVQH[WWRWKHDUPLQSXW,QWKLVVWXG\LWLVQRWVXIILFLHQWWRNQRZRQO\ZKLFKSDUWRIWKHVNLQZDVWRXFKHG6LQFHWKH
OLPEVZHUHSDVVLYHO\PRYHGVRWKHWRXFKHGVNLQYDULHGWKHSDUWLFLSDQWPXVWLQWHJUDWHWKHSRVLWLRQRIHDFKOLPEUHODWLYHWR
HDFK RWKHU ZLWK WKH VNLQ SDWFKZKLFK LV WRXFKHG WR GHWHUPLQH WKH VDJLWWDO VHSDUDWLRQ 7KH QH[W SDUDJUDSKV GHVFULEH WKH
SRVVLEOHPHFKDQLVPVDQGFXHVWKDWFDXVHGWKHSDUWLFLSDQWVLQWKLVVWXG\WRVHOHFWDSDUWLFXODUWDFWLOHVHSDUDWLRQ7KHVHFXHV
DULVHIURPSURSULRFHSWLYHDQGWDFWLOHUHFHSWRUV7KHUHVXOWVLQWKLVVWXG\GHPRQVWUDWHWKHVHVHQVHVZHUHQRWZHLJKWHGHTXDOO\
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
RURSWLPDOO\ 7ZRWDFWLOHFXHVDUHRXWOLQHGILUVWZKLFKPD\KDYHJXLGHGWKHSDUWLFLSDQWV¶MXGJPHQWV 7KHSURSULRFHSWLYH
FXHVWKDWZHUHQHJOHFWHGDUHVXEVHTXHQWO\SUHVHQWHG

7DFWLOH&XHV

>@QRWHGWKDWDQDWRPLFDOSRLQWVRIUHIHUHQFHFRXOGSURYLGHDQDQFKRUWKDWSDUWLFLSDQWVFRXOGXVHLQLGHQWLI\LQJWKHORFDWLRQ
RIDWRXFKHGVWLPXOXV6XEVHTXHQWUHVHDUFKQRWHGWKHVHDQFKRUVFRUUHODWHGZLWKSRLQWVRIPRELOLW\DQDWRPLFDOMRLQWV)RU
H[DPSOH UHVHDUFK KDV IRXQG VXSSRUW WKDW WKH ZULVW DQG HOERZ DUH XVHG DV UHIHUHQFHV IRU WDFWLOH ORFDOL]DWLRQ >@ 7KHVH
UHIHUHQFHSRLQWVFDQEHXVHGWRHVWLPDWHWKHGLVWDQFHRIDWRXFKHGVWLPXOXVRQWKHERG\¶VVXUIDFH 

7KHUHVXOWVIURPWKHFXUUHQWVWXG\VXSSRUWHDUOLHUILQGLQJVWKDWGXULQJWDFWLOHORFDOL]DWLRQKXPDQVXVHDQDWRPLFDOODQGPDUNV
WRHVWLPDWHSRVLWLRQ)RUH[DPSOHGXULQJWKHFPIRUZDUGFRQGLWLRQWKHSUREHWRXFKHGWKHDUPFPSUR[LPDOWRWKHZULVW
MRLQWFPIURPULJKWILQJHUWLSSRVLWLRQ)LJXUHDGXULQJWKHQHXWUDOFRQGLWLRQWKHSUREHWRXFKHGWKHKDQGFPGLVWDO
WR WKHZULVW MRLQW FP IURP ULJKW ILQJHUWLS SRVLWLRQ	 GXULQJ WKH SUREH WRXFKHG WKH KDQG FPGLVWDO WRZULVW MRLQW
FP IURP ULJKW ILQJHUWLS SRVLWLRQ GXULQJ WKH FPEHKLQG FRQGLWLRQ )LJXUH E $V D UHVXOW DV WKH WRXFKHG SRVLWLRQ
PRYHGFORVHURUIXUWKHUIURPWKHZULVWRUWKHFRQWUDODWHUDOULJKWILQJHUWLSWKHSHUFHLYHGGLVWDQFHFKDQJHG)LJXUH7KH
SHUFHLYHGVHSDUDWLRQLQFUHDVHGDVWKHWRXFKHGSRVLWLRQRQWKHOHIWDUPPRYHGIURPDGLVWDOWRSUR[LPDOSRVLWLRQ7KLVPD\
LQGLFDWHWKDWWKHSDUWLFLSDQWZDVXVLQJUHIHUHQFHFXHVIURPWKHZULVWMRLQWWRGHWHUPLQHWKHGLVWDQFHRIWKHWRXFKHGSRVLWLRQ
RQERWKWKHULJKW	OHIWOLPEV7KHUHVXOWVRIWKLVVWXG\DJUHHZLWKDVLPSOHIRUPXODWKDWFRUUHODWHVZLWKWKHGDWDFROOHFWHG
7RUHSRUW WKHVDJLWWDOGLVWDQFHSDUWLFLSDQWVPD\KDYH LQGHSHQGHQWO\HVWLPDWHG WKHGLVWDQFHRI WKH WRXFKHGSRVLWLRQRQ WKH
ULJKWOLPEIURPWKHULJKWZULVW	WKHQHVWLPDWHWKHGLVWDQFHRIWKHWRXFKHGSRVLWLRQRQWKHOHIWOLPEIURPWKHOHIWZULVW7KHVH
YDOXHVDUHWKHQFRPSXWHGWKURXJKDIRUPXODWKDWGHSHQGV LI WKHWRXFKHGSRVLWLRQVDUHSUR[LPDORUGLVWDO WRWKHZULVW MRLQW
)LJXUH   ,I ERWK SRVLWLRQV DUH GLVWDO WR WKH ZULVW WKHVH YDOXHV DUH VXEWUDFWHG IURP HDFK RWKHU E  ,I RQH SRVLWLRQ LV
SUR[LPDOWRWKHZULVWWKHVHYDOXHVDUHDGGHGD


DE
)LJXUH3DUWLFLSDQWV¶PD\KDYHHVWLPDWHGWDFWLOHVHSDUDWLRQE\HVWLPDWLQJWKHGLVWDQFHIURPHDFKWRXFKHGSRVLWLRQWRWKHZULVW
D%$ E%±$ VHHUHVXOWV

6RPHDXWKRUVKDYHVXJJHVWHGWKHEUDLQGLIIHUHQWLDWHVWKHERG\LQWRGLVWLQFWVHJPHQWVRUSDUWV0HPRU\RIYLVXDOLQSXWPD\
FRQWULEXWH  WRWKHUHSUHVHQWDWLRQRIVL]HRIDERG\VHJPHQWVZKLFKPD\JXLGHVSDWLDOSHUFHSWLRQ LQWKHDEVHQFHRIYLVLRQ
>@7KHUHVXOWVRIWKLVVWXG\FRUURERUDWHWKHYLHZRI>@ZKRKDYHVXJJHVWHGWKDWERG\SHUFHSWLRQLVIDFLOLWDWHGE\ERG\
SDUW FDWHJRULHV GLYLGHG E\ MRLQWV DFWLQJ DV FDWHJRU\ ERXQGDULHV 7KHVH DXWKRUV VXJJHVW WKDW SDUWLFLSDQWV MXGJH WDFWLOH
GLVWDQFHVODUJHUDFURVVDMRLQWEHFDXVHWKHEUDLQLVSUHGLVSRVHGWRDSHUFHSWXDOFDWHJRUL]DWLRQRIERG\DUHDV5HIHUHQFH>@
UHSRUWHGWKDWWKHGLVWDQFHDPRQJVWWZRWRXFKHVWRWKHVNLQRQWZRVHSDUDWHERG\SDUWVIHHOVOHQJWKHQHGFRPSDUHGWRDQHTXDO
GLVWDQFHZLWKLQDRQHERG\SDUW7KLVVXSSRUWVRWKHUWKHRULHVWKDWVXJJHVWMRLQWVVHJPHQWWKHERG\WRDLGWDFWLOHORFDOL]DWLRQ
5HFHQWO\>@IRXQGIXUWKHUVXSSRUWRIFDWHJRUL]DWLRQRIERG\VHJPHQWV

7KH UHVXOWV SUHVHQWHG LQ WKLV VWXG\ VXSSRUW WKH QRWLRQ RI FDWHJRUL]DWLRQ RI ERG\ SDUWV IRU WDFWLOH ORFDOL]DWLRQ 7KHPHDQ
SDUWLFLSDQW IRUHDUP OHQJWK SUR[LPDOGLVWDO ZDV FP DQG WKH KDQG OHQJWK SUR[LPDOGLVWDO FRPSULVHG aFP RI WKLV
7KHUHIRUHLQWKHFPEHKLQGFRQGLWLRQWKHSUREHKLWWKHKDQGLQWKHQHXWUDOFRQGLWLRQWKHSUREHKLWWKHKDQGEXWLQWKHFP
IRUZDUGFRQGLWLRQKLWWKHIRUHDUP$VDUHVXOWWKHUHSRUWHGVHSDUDWLRQZDVJUHDWHVWZKHQWKHSUREHWRXFKHGWKHOHIWIRUHDUP
FP IRUZDUG FRQGLWLRQ FRPSDUHG WR ZKHQ WKH SUREH KLW WKH VDPH ERG\ SDUW RI WKH ULJKW OLPE QHXWUDO 	 FP EHKLQG
FRQGLWLRQV7KLVPD\EHDWWULEXWHGWRWKHIDFWWKDWZKHQWKHWRXFKHGSRVLWLRQVDUHRQVHSDUDWHERG\SDUWVWKH\DUHSHUFHLYHG
RUELDVHGWREHDIXUWKHUGLVWDQFHIURPHDFKRWKHU7KHGLIIHUHQFHVEHWZHHQWKHUHSRUWHGVHSDUDWLRQVZKHQWKHSUREHKLWWKH
SRVLWLRQVRQWKHKDQGPD\EHEHFDXVHWKHQHXWUDOFRQGLWLRQKLWFORVHUWRWKHIRUHDUPFRPSDUHGWRWKHFPEHKLQGFRQGLWLRQ
DQG LV WKHUHIRUH SHUFHLYHG DV IXUWKHU DZD\ IURP WKH FRQWUDODWHUDO ULJKW ILQJHUWLS SRVLWLRQ HJ WKH QHXWUDO FRQGLWLRQZDV
FORVHUWRWKHFDWHJRU\ERXQGDU\>@

)LQDOO\ LW LV LPSRUWDQW WRQRWH WKHFRQVWDQWHUURU SHUFHLYHGGLVWDQFH±DFWXDOGLVWDQFHRISDUWLFLSDQWV LQ WKLVH[SHULPHQW
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7KHPHDQFRQVWDQWHUURUIRUDOOWKUHHFRQGLWL
SHUFHLYHGWDFWLOHGLVWDQFHEHWZHHQOLPEV7K
)RU H[DPSOH >@ IRXQG WKH FRQVWDQW HUUR
DSSUR[LPDWHO\FP7KLVHUURULVVLJQLIL
7KHUHIRUH WKH UHVXOWV RI WKLV VWXG\ DOVR VX
SRVLWLRQVDUHEHWZHHQOLPEVFRPSDUHGWRDV
WR UHTXLUH JUHDWHU FRPSXWDWLRQDO SURFHVVLQJ
VLWXDWLRQ ZKHQ WKH EUDLQ PXVW WUDQVIRUP W
FRPSOH[LW\DQGSHUFHLYHGXQUHOLDELOLW\RI WK
IDYRUHG IRU GLVWDQFH MXGJPHQWV FRPSDUHG WR
SURSULRFHSWLYHVLJQDOVKDVEHHQGHPRQVWUDWHG

3URSULRFHSWLYH&XHV

$QXPEHURIUHFHSWRUVLQWKHPXVFOHVDQGMR
PXVFOHVSLQGOHV5HFHSWRUVORFDWHGLQMRLQWV
VLJQDOFKDQJHVLQWKHOHQJWKRIWKHPXVFOH0
&RQVHTXHQWO\PXVFOHVSLQGOHVFDQEHXV
VWUHWFKLQJ$VDUHVXOWWKHDFWLYLW\LQWKHVHU
PXVFOHVKRUWHQVGXULQJFRQWUDFWLRQ)LJXUH

)LJXUH/HIW'XULQJHOERZH[WHQVLRQHOERZIOH[RUV
PXVFOHO

7KHPXVFOHV WKDWZHUH OLNHO\ WREHDFWLYDWHG
PXVFOHV FRQWDLQ PXVFOH VSLQGOHV DQG WKHUHI
FKDQJHV

7DEOH0











$SSOLFDWLRQVWR+DSWLF)HHGEDFN6XUJHU\

:KHQKXPDQVDFWLYHO\H[SORUHDQGPDQLSXOD
PHFKDQRUHFHSWRUVSURYLGHYDOXDEOHVHQVRU\
ILQJHU PRYHPHQWV GXULQJ PDQXDO PDQLSXOD
UHFHSWRUVDUHVHQVLWLYHWRMRLQWDQJOHFKDQJHV
DQGPRYHPHQWYHORFLW\FKDQJHV>@*ROJL
>@7DFWLOHUHFHSWRUVLQWKHVNLQDUHDOVRLP
DULVHVE\WKHVHQVHRIHIIRUWPRWRUFRPPDQG
WKHREMHFWSURSHUWLHV>@$QXPEHURIVWXGL
 6
)OH[LRQ &
$
3
%
([WHQVLRQ 3
/
7
7
RQVZDVFP7RWKHDXWKRUV¶NQRZOHGJHWKLVLVW
LVLVEHFDXVHSUHYLRXVUHVHDUFKKDVPHDVXUHGWDFWLOH
U IRU WRXFKHG SRVLWLRQV RQ D VLQJOH OLPE ZLWK D
FDQWO\VPDOOHUWKDQWKHHUURUSURGXFHGE\WKHSDUWLFLS
JJHVW WKDW WDFWLOH GLVWDQFH DFXLW\ LV VLJQLILFDQWO\ UH
LQJOHOLPE7KLVDSSHDUVWREHFRQFHLYDEOHDVWKHHVWLP
 EHFDXVH HDFK OLPE LQ H[WHUQDO VSDFH QHHGV WR EH O
DFWLOH 	 SURSULRFHSWLYH VLJQDOV LQWR WKH VDPH FRRU
LV WDVNPD\H[SODLQZK\ WKH WRXFKHGSRVLWLRQVRQ WK
XVLQJ MRLQW DQJOHPXVFOH OHQJWK FKDQJHV ,QGHHG WK
WREHOHVVWKDQWRXFKRQDWOHDVWWZRRFFDVLRQV>
LQWVVLJQDOWKHSRVLWLRQRIWKHOLPELQFOXGLQJVWUHWFKU
DOVRSURYLGHOLPESRVLWLRQIHHGEDFNGXULQJDQJXODUF
XVFOHOHQJWKFKDQJHVDFFRPSDQ\FKDQJHVLQWKHMRLQ
HGWRVHQVHWKHSRVLWLRQRIWKHERG\0XVFOHVSLQGOH
HFHSWRUVLQFUHDVHVGXULQJVWUHWFKLQJPXVFOHOHQJWKHQ



OHQJWKHQSLFWXUHGDQGHOERZH[WHQVRUVVKRUWHQQRWSLFWXUHGLQG
HQJWKSDWWHUQLVUHYHUVHGIRUHOERZIOH[LRQ5LJKW
 GXULQJ WKH WKUHHFRQGLWLRQV LQ WKHFXUUHQW VWXG\DUH
RUH ZKHQ WKH PXVFOH FKDQJHV OHQJWK WKLV VLJQDOV HOE
XVFOHVSURYLGLQJSURSULRFHSWLRQLQWKHFXUUHQWVWXG\


WHREMHFWVZLWKWKHLUKDQGVPXOWLSOHVHQVRU\LQSXWVDU
LQIRUPDWLRQDERXWREMHFWV LQH[WHUQDO WR WKHSHUVRQ>
WLRQ DFWLYDWH SURSULRFHSWLYH SRVLWLRQ IRUFH DQG YHO
>@WKXVVLJQDOLQJSRVLWLRQDOFKDQJHV0XVFOHVSLQGOH
 WHQGRQRUJDQVDUHSRVLWLRQHGLQWKHPXVFOH WHQGRQ
SRUWDQWWRGHWHFWSRVLWLRQFKDQJHV>@$QHVWLPDWHR
>@6LQJOHPRGDOLW\LQIRUPDWLRQLVLQVXIILFLHQWRQ
HVLOOXVWUDWHWKDWERWKFXWDQHRXVDQGNLQHVWKHWLFLQIRUP
KRXOGHU (OERZ
RUDFREUDFKLDOLV
QWHULRUGHOWRLG
HFWRUDOLVPDMRU
LFHSVEUDFKLL
%LFHSVEUDFKLL
%UDFKLDOLV
%UDFKLRUDGLDOLV
RVWHULRUGHOWRLG
DWLVVLPXVGRUVL
HUHVPDMRU
ULFHSVEUDFKLL
7ULFHSVEUDFKLL
$QFRQHXV
KHILUVWVWXG\WRPHDVXUH
GLVWDQFHRQDVLQJOHOLPE
VHSDUDWLRQ RI FP ZDV
DQWVLQWKHFXUUHQWVWXG\
GXFHG ZKHQ WKH WRXFKHG
DWHDFURVVOLPEVDSSHDUV
RFDWHG 7KLV UHSUHVHQWV D
GLQDWH V\VWHP >@ 7KH
HDUP VRPDWLFPDSDUH
HSHUFHLYHG UHOLDELOLW\ RI
@
HFHSWRUVLQPXVFOHFDOOHG
KDQJHV0XVFOHVSLQGOHV
WDQJOHRIDOLPE)LJXUH
UHFHSWRUVDUHVHQVLWLYHWR
LQJDQGGHFUHDVHZKHQD
LFDWLQJSRVLWLRQFKDQJHV7KLV
 OLVWHG LQ7DEOH7KHVH
RZ RU VKRXOGHU SRVLWLRQ
HDYDLODEOH)RUH[DPSOH
@,QDGGLWLRQKDQGDQG
RFLW\ UHFHSWRUV >@ -RLQW
VDUHVHQVLWLYHWRSRVLWLRQ
DQGVHQVHPXVFOHWHQVLRQ
IIRUFHDQGSRVLWLRQDOVR
LWVRZQIRUGLVFULPLQDWLQJ
DWLRQDFWLYHPRYHPHQW
1041 Matthew Gildersleeve /  Procedia Engineering  41 ( 2012 )  1035 – 1043 

LVQHHGHG>@

7KHUHIRUH WR JDLQ RSWLPDO SHUFHSWXDO LQIRUPDWLRQ IURP DOO VHQVRU\ PRGDOLWLHV RI DQ REMHFWV FKDUDFWHULVWLFV UHTXLUHV
DFWLYDWLRQ IURP DFWLYH KDQG PRYHPHQWV >@ >@ IRXQG EOLQGIROGHG KXPDQV DFFXUDWH KDSWLF REMHFW LGHQWLILFDWLRQ
PRYHPHQWVWREHKLJKO\RUJDQL]HG7KH\FRXOGEHVRUWHGLQWRDQXPEHURIFODVVHVRIPRYHPHQWSDWWHUQVZKLFKZHUHFDOOHG
H[SORUDWRU\ SURFHGXUHV  7R LGHQWLI\ WH[WXUH KXPDQV H[HFXWH D ODWHUDO PRWLRQ PRYHPHQW LQYROYLQJ UHSHWLWLYH WDQJHQWLDO
PRWLRQVRQWKHREMHFW>@$SSO\LQJSUHVVXUHWRDQREMHFWH[WUDFWVLQIRUPDWLRQDERXWWKHFRPSOLDQFHRUKDUGQHVVRIREMHFWV
>@8QVXSSRUWHGKROGLQJ LVXVHGIRUHVWLPDWLQJZHLJKW OLIWLQJREMHFW >@7RJDLQ LQIRUPDWLRQRIYROXPHUHTXLUHV WKH
ILQJHUVVKDSHWRWKHIRUPRIWKHREMHFW>@(GJHIROORZLQJZDVXVHGWRUHWULHYHH[DFWVKDSH>@,GHQWLILFDWLRQRIREMHFW
FKDUDFWHULVWLFVLVOLNHO\WREHOLQNHGWRUHVXOWVZKLFKLQGLFDWHWKHFHQWUDOQHUYRXVV\VWHPPRQLWRUVQHXUDOVLJQDOVIRUPXVFOH
FRQWUDFWLRQV)RU H[DPSOH SULRU UHVHDUFK VXJJHVWV WKDW WKHSHUFHSWLRQRI IRUFH LV GHULYHG IURP WKH VWUHQJWKRI WKHQHXUDO
LPSXOVHVLJQDOVIURPWKHPRWRUFRUWH[>@

7KHUHIRUH WKHDFFXUDF\RIREMHFWSHUFHSWLRQ LVGHSHQGHQWRQ IHHGEDFN IURPPRWRUFRPPDQGVPHFKDQRUHFHSWRUVPXVFOH
VSLQGOHV *ROJL WHQGRQ RUJDQV MRLQW FDSVXOHV DQG VNLQ UHFHSWRUV GXULQJ H[SORUDWRU\ PRYHPHQWV  $V D UHVXOW D VLPLODU
FRQFOXVLRQFDQEHPDGHDERXWWKHIDFWRUVZKLFKGHWHUPLQHDFFXUDWHVXUJLFDOSHUIRUPDQFH,QSDUWLFXODUWKLVVWXGLHV¶WKHVLV
LV WKDW WKH UHODWLYHZHLJKWLQJV E\ WKH VFKHPD IURP WKH YDULRXV VHQVRU\ FKDQQHOVZLOO GHWHUPLQH WKHLU XVH IRU VXEVHTXHQW
PRYHPHQW ,I IHHGEDFNUHODWHG WR WKHVHPRGDOLWLHV LVPLVUHSUHVHQWDWLYHRI WKHDFWXDO WDVN WKHKXPDQZLOOPLVSHUFHLYHDQG
SHUIRUPDQFHZLOOEHSRRU7KHUHIRUHWKHGHVLJQVRIKDSWLFLQWHUIDFHVQHHGWRLPSOHPHQWWKHZHLJKWLQJVRIWKHVHFKDQQHOVE\
WKHVFKHPDWRHQVXUHFRUUHFWZHLJKWLQJLVDOORFDWHGWRYDOLGIHHGEDFNWRPDLQWDLQSHUIRUPDQFH

&RQIOLFWLQJ7DFWLOHDQG3URSULRFHSWLYH)HHGEDFN

µ+DSWLF)HHGEDFN¶KDVEHHQLQWHQWLRQDOO\QDPHGWRHPSKDVL]HWZRSRVVLEOHVRXUFHVRIIHHGEDFNWRXFK	SURSULRFHSWLRQ
7KLVKLJKOLJKWVWKDWWKHVHVHQVRU\PRGDOLWLHVDUHVHSDUDWHDQGGLVWLQFWLQWKHSDWKZD\VWRWKHKXPDQEUDLQ$VDUHVXOWRIWKLV
GLVWLQFWLRQ RSHQV WKH SRVVLEO\ WKDW WKH FKDQQHOV SURYLGH FRQIOLFWLQJ IHHGEDFN DERXW WKH VXUJLFDO WLVVXH WKH VXUJHRQ LV
PDQLSXODWLQJ )RU H[DPSOH RQH IHHGEDFN SURSHUW\ SURYLGHG VLPXOWDQHRXVO\ E\ WKHVH VHQVHV LV REMHFW KDUGQHVV RU
FRPSOLDQFH>@

7DFWLOHVHQVRUVLQURERWLFVXUJHU\WU\WREXLOGWKHSHUFHSWLRQWKDWWKHKXPDQV¶ILQJHULVGLUHFWO\WRXFKLQJWKHVXUJLFDODUHD
5RERWLF WDFWLOH IHHGEDFN FDQ DULVH IURP D QXPEHU RI GLIIHUHQW GHVLJQV LQFOXGLQJ PHFKDQLFDO SLQV DFWLYDWHG E\ VROHQRLG
SLH]RHOHFWULFFU\VWDOVKDSHPHPRU\DOOR\WHFKQRORJLHVYLEUDWLRQVIURPYRLFHFRLOVSUHVVXUHIURPSQHXPDWLFV\VWHPVDQG
KHDWSXPSV\VWHPV>@ $OWHUQDWLYHO\SURSURFHSWLYHIHHGEDFNDERXWWKHREMHFWSURSULHWLHVDUHHVWLPDWHGIURPWKHIRUFHV
DSSOLHG WR WKHSDWLHQWE\ WKH VXUJLFDO LQVWUXPHQW VODYHZKLFK WKHQSURYLGHV IRUFHV WR WKHKDQGYLD WKHPDVWHUFRQWUROOHU
>@6LQFHWKHVHFKDQQHOVDUHVHSDUDWHDQGPD\FRQIOLFWIXWXUHUHVHDUFKVKRXOGLQYHVWLJDWHWKHVLWXDWLRQVZKLFKGRDQGGR
QRW DOORZ WKH LQGLYLGXDO XVLQJ KDSWLF IHHGEDFN WRPDNH FRUUHFW VHQVRULPRWRUGHFLVLRQV ,W LV SRVVLEOH DV VKRZQ LQPDQ\
VHQVRU\ GRPLQDQFH VWXGLHV HJ >@ WKDW RQH VHQVH PD\ SURYLGH GLVFRUGDQW LQIRUPDWLRQ DERXW DQ REMHFW FRPSDUHG WR
DQRWKHU :KHQ WKLV KDSSHQV DV LV GLVSOD\HG LQ WKH FXUUHQW SDSHUV¶ UHVXOWV WKH EUDLQ ZHLJKV RQH VHQVRU\PRGDOLW\ ZLWK
KLJKHUUHOLDELOLW\WKDQWKHRWKHU:KDWLVLPSRUWDQWWREHDZDUHRIZKHQGHVLJQLQJKDSWLFIHHGEDFNGHYLFHVLVWKDWWKHEUDLQ
LVQRWSHUIHFWDQGKDVOLPLWDWLRQVWRLQIRUPDWLRQSURFHVVLQJDQGFDQZHLJKRQHPRGDOLW\ZLWKJUHDWHUUHOLDELOLW\ZKHQLQIDFW
WKHPRGDOLW\ZLWKOHVVHUZHLJKWLQJVKRXOGEHSULRULWL]HG,QVXFKDVLWXDWLRQLWPD\EHEHVWWRUHPRYHRUUHGXFHWKHIHHGEDFN
HJVLJQDOJDLQ>@WKDWLVEHLQJZHLJKHGKLJKHUZKHQDQRWKHUVKRXOGEHJLYHQSULRULW\)RUH[DPSOHWDFWLOHIHHGEDFN
PD\VXJJHVWDWLVVXHLVQRWVPRRWKLQFRUUHFWEXWSURSULRFHSWLRQGRHVFRUUHFW$VDUHVXOWRILQDFFXUDWHZHLJKWLQJE\WKH
VFKHPDWDFWLOHLQIRUPDWLRQLVSULRULWL]HGZKLFKPD\UHVXOWLQLQFRUUHFWPRWRURXWSXW$VLPLODUUHVXOWZDVIRXQGE\>@
ZKRPHDVXUHG WKH KXPDQ SHUFHSWLRQ RI EXPSV DQG KROHV E\ GHFRXSOLQJ IRUFH IURP SRVLWLRQ JHRPHWU\ IHHGEDFN 7KLV
FDXVHG D VHQVRU\ FRQIOLFW ZKHQ WKH VWLPXOL KDG WKH JHRPHWULF VKDSH RI D KROH ZLWK WKH IRUFH IHHGEDFN RI D EXPS 7KH
VHQVRU\FRQIOLFWUHVXOWHGLQIRUFHIHHGEDFNGRPLQDWLQJWRUHJXODWHREMHFWSHUFHSWLRQ

+XPDQSHUFHSWLRQDQGVXEVHTXHQWEHKDYLRXULVLQH[WULFDEO\FRQWH[WGHSHQGHQWDQGURERWLFIHHGEDFNVXUJHU\FRQWDLQVPDQ\
DIIRUGDQFHVIRUDYDULRXVGHJUHHVRIPRYHPHQW7KHUHIRUH WKH LQWHJUDWLRQRI WDFWLOHDQGSURSULRFHSWLYHIHHGEDFNPXVWEH
LQYHVWLJDWHGLQPXOWLSOHFRPELQDWLRQVRIPRYHPHQWVWRGHWHUPLQHZKHQXQGHVLUDEOHZHLJKWLQJRFFXUV,WLVOLNHO\WKDWVRPH
PRYHPHQWVGRQRWGLVUXSWSHUIRUPDQFHFRPSDUHGWRPRYHPHQWVLQRWKHUSRVLWLRQV>@

7KH'HJUHHVRI)UHHGRP3UREOHP

7KHUHDUHPDQ\GHJUHHVRIIUHHGRPDYDLODEOHIRUKDQGPRYHPHQWZKLFKDOORZVVXUJLFDO WDVNVWRYDU\LQWKHZD\WKH\DUH
H[HFXWHG7KHKXPDQKDQGFRQWDLQVGHJUHHVRIIUHHGRPZKHUHWKHWKXPEKDVWKUHHWKHILQJHUVKDYHIRXUDQGWKHZULVW
KDV WKUHH  7KHVH PRYHPHQWV LQYROYH IOH[LRQ H[WHQVLRQ DEGXFWLRQDGGXFWLRQ DQG FLUFXPGXFWLRQ  7KHVH PRYHPHQWV
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
UHSUHVHQWIRUZDUGEDFNXSGRZQOHIWULJKW\DZSLWFKDQGUROOPRYHPHQWV7KHUHIRUHZKHQKDSWLFIHHGEDFNLVQRWSURYLGHG
IRURQHRIWKHVHPRYHPHQWVHUURUVLQSHUFHSWLRQDQGPRYHPHQWZLOODULVH7KLVRFFXUVEHFDXVHDQHJOHFWRILQIRUPDWLRQKDV
DULVHQZLWKLQWKHV\VWHP7KHGHYHORSPHQWRIDKDSWLFIHHGEDFNDEOHWRUHSOLFDWHVHQVRU\LQWHJUDWLRQDQGFRPELQDWLRQVRID
KXPDQ KDQG HPERGLHV D NH\ FKDOOHQJH GXH WR WKH GHJUHHV RI IUHHGRP SUREOHP )XWXUH UHVHDUFK VKRXOG HYDOXDWH WKH
LPSRUWDQFHRI UHFHLYLQJ WDFWLOH RU SURSULRFHSWLYH IHHGEDFN IURPPXOWLSOH GHJUHHVRI IUHHGRP LQ WKH KDQGGXULQJ VXUJLFDO
SHUIRUPDQFH )RU H[DPSOH DV DOUHDG\ QRWHG RQH VHQVRU\ V\VWHP PD\ PLVWDNHQO\ EH ZHLJKWHG KLJKHU WKDQ DQRWKHU
$OWHUQDWLYHO\ WKHUH PD\ EH XQGHVLUDEOH UHGXQGDQF\ ZLWKLQ WKH V\VWHP SURYLGHG E\ WKH VHQVHV WKDW FRXOG EH HOLPLQDWHG
EHQHILWLQJFRVWDQGSUDFWLFDOFRQVWUDLQWV>@3ULRULWLHVLQGHVLJQRIKDSWLFGHYLFHVFDQWKHQSURFHHGZLWKWKLVVXSSRUWLQJ
HYLGHQFH  7KLV HQGHDYRU UHTXLUHV NQRZOHGJH RI WKH KDQGPRYHPHQWV WKDW GR DQG GR QRW UHTXLUH DGHTXDWH IHHGEDFN WR
PDLQWDLQRSWLPDOSHUIRUPDQFH$VPDOOQXPEHURIVWXGLHVKDYHEHJXQWKLVW\SHRILQYHVWLJDWLRQ5HIHUHQFH>@IRXQGWKDW
UHPRYLQJD[LDOIRUFHIHHGEDFNIURPDWKUHHGHJUHHVRIIUHHGRPKDSWLFGHYLFHGLGQRWVLJQLILFDQWO\DIIHFWWKHOHYHORIIRUFH
WKDW XVHUV DSSOLHG:KHWKHU WKLV DSSOLHV IRU RWKHU KDSWLF WDFWLOH	 IRUFH IHHGEDFN LV XQNQRZQ2Q WKH RWKHU KDQG >@
IRXQGZKHQIRUFHIHHGEDFNZDVHOLPLQDWHGLQRQHD[LVSHUIRUPDQFHGHFOLQHG

5HFRPPHQGDWLRQV

,I WUDGHRIIV LQ KDSWLF IHHGEDFN GHVLJQ DUH WR FRQWLQXH >@ YDOLGLW\ILGHOLW\ SULRULWLHV IRU IHHGEDFN UHODWHG WR HDFK KDSWLF
VHQVHVKRXOGEHEDVHGRQHPSLULFDOHYLGHQFHIRULWVUHODWLYHLPSRUWDQFHLQWKHVXUJLFDOWDVN)RUH[DPSOHWKHUHVXOWVRIWKH
H[SHULPHQW LQ WKLV SDSHU VXJJHVW WDFWLOH LQSXW LV ZHLJKWHG ZLWK KLJKHU LPSRUWDQFH WKDQ SURSULRFHSWLYH LQIRUPDWLRQ WR
HVWLPDWHWDFWLOHGLVWDQFHV$QDQDORJRXVILQGLQJLQKDSWLFIHHGEDFNURERWLFVPD\EHWKDWREMHFWFRPSOLDQFHIHHGEDFNIURP
WKHFXWDQHRXVILQJHUSUHVVXUHUHFHSWRUVDUHZHLJKHGZLWKKLJKHULPSRUWDQFHWKDQIRUFHIHHGEDFNIURPSURSULRFHSWLRQ*ROJL
7HQGRQ2UJDQV7KLVUHSUHVHQWVDVLWXDWLRQZKHUHWKHUHLVDVHQVRU\FRQIOLFWUHJDUGLQJREMHFWFRPSOLDQFHDQGWKHVFKHPD
VHOHFWVWKHIHHGEDFNIURPWKHPRGDOLW\ZLWKWKHKLJKHUZHLJKWLQJIRUVXEVHTXHQWPRYHPHQW&RQVHTXHQWO\IXWXUHGHVLJQVRI
KDSWLFLQWHUIDFHVVKRXOGPDLQWDLQIHHGEDFNWRWKHPRGDOLW\ZKLFKLVZHLJKWHGZLWKJUHDWHULPSRUWDQFHLQWKHVHQVRULPRWRU
V\VWHP LI WKDWPRGDOLW\SURYLGHVDFFXUDWH IHHGEDFN $OWHUQDWLYHO\ LI LQDFFXUDWHDXWRPDWLFVHQVRU\ZHLJKWLQJV WDNHSODFH
DQGGHJUDGHSHUIRUPDQFHDGHVLJQPXVWEHGHYHORSHGWRE\SDVVWKLVLQIOXHQFH

)URPDWKHRUHWLFDOSHUVSHFWLYHWKHVHFRQFOXVLRQVVXJJHVWLWLVOLNHO\WKDWWKHLQLWLDOLQWURGXFWLRQRIKDSWLFIHHGEDFNGLVUXSWV
WKHLQWHUQDOVFKHPDKHOGE\WKHKXPDQ7KLVPD\OD\LQWKHIDFWDQXPEHURIIHHGEDFNORRSVDUHXQXVXDOPLVVLQJRUDUHQRZ
PLVOHDGLQJ 7KH VNLOOV QHHGHG IRU ODSDURVFRSLF VXUJHU\ DUH GLVWLQFWLYH DQG GLVVLPLODU IURP RSHQ VXUJHU\ DQG WKHUHIRUH
UHTXLUHIHHGEDFNDGDSWDWLRQDQGOHDUQLQJWRDOWHUHGVHQVRU\LQSXWWRSURGXFHPRYHPHQWWKDWLVDOLJQHGZLWKWKHGHVLUHGWDVN
JRDO:KHQWKHSDUWLFLSDQWLVSURYLGHGZLWKYLVXDOIHHGEDFNRISHUIRUPDQFHHUURUVUHODWHGWRLQDFFXUDWHVHQVRU\ZHLJKWLQJ
VXEVHTXHQW PRWRU RXWSXW LV FRUUHFWHG UHVXOWLQJ LQ GUDPDWLF SHUIRUPDQFH LPSURYHPHQWV HJ >@ 7KH LQLWLDO UHOLDELOLW\
ZHLJKWLQJSURYLGHGE\WKHVFKHPDIURPSDVWH[SHULHQFHRIHDFKVHQVHLVOLNHO\WREHLQDFFXUDWHEHFDXVHLWGRHVQRWPDWFK
WKHOLPLWHGILGHOLW\RIWKHURERWZKLFKDWWHPSWVWRUHSOLFDWHKDSWLFIHHGEDFNLQRSHQVXUJHU\DQGWKHUHIRUHZLOOFUHDWHPRWRU
SODQQLQJHUURUV>@7KURXJKIHHGEDFNPHFKDQLVPVRISHUIRUPDQFHFRQQHFWHGWRWKHVXUJHRQV¶JRDOVWKHVFKHPDOHDUQVWKH
DSSURSULDWHZHLJKWLQJIRUHDFKVHQVHWKDWVKRXOGEHXVHG7KLVKLJKOLJKWVWKHLPSRUWDQFHRIFXUUHQWWUDLQLQJSURJUDPVZKHQ
IHHGEDFNLVOLPLWHGLQILGHOLW\>@7KHDOWHUQDWLYHWRDYRLGLQJWKHQHHGIRUOHDUQLQJWUDLQLQJDQGDGDSWDWLRQLVWRRSWLPL]H
GHVLJQWKURXJKXQGHUVWDQGLQJRIWKHVHQVRULPRWRUZHLJKWLQJSULQFLSOHVLQYROYHGLQVXUJLFDOSHUIRUPDQFH

&RQFOXVLRQ

,Q FRQFOXVLRQ LW PD\ EH SRVVLEOH WR HUDGLFDWH LQLWLDO SHUIRUPDQFH HUURUV ZLWK WKH XQGHUVWDQGLQJ RI WKH VHQVRULPRWRU
PHFKDQLVPV XQGHUO\LQJ KDSWLF IHHGEDFN ZKLFK UHODWHV WR LPSURYLQJ WKH ILGHOLW\ RI KDSWLF IHHGEDFN SURYLGLQJ DFFXUDWH
IHHGEDFNLQPXOWLSOHGHJUHHVRIIUHHGRP6HFRQGO\LIYDOLGDWLRQFDQQRWEHDFKLHYHGIXWXUHUHVHDUFKVKRXOGLQYHVWLJDWHWKH
UHODWLYH ZHLJKWLQJV DVVLJQHG WR HDFK VHQVH ZKHQ XVLQJ KDSWLF IHHGEDFN GHYLFHV ZKLFK PD\ SURYLGH DQ DOWHUQDWLYH WR
LPSURYLQJ SHUIRUPDQFH WKURXJK LQWHUIDFH GHVLJQ HJ VLPLODU WR LQWHUYHQWLRQV WR DYRLG GLIILFXOWLHV LQ H\H ± KDQG
FRRUGLQDWLRQ HUURUV >@3UHYLRXV UHVHDUFK VXJJHVWV YLVLRQZLOO GRPLQDWH DOO VHQVHV LQ VSDWLDO WDVNVEXW WKH LQWHJUDWLRQRI
WRXFKDQGSURSULRFHSWLRQLVVWLOOWREHUHVROYHG7KHUHVXOWVSUHVHQWHGLQWKLVSDSHUDQGWKDWRI>@PD\EHDVWDUWLQJSRLQW
IRUWKLVOLQHRIUHVHDUFK 7KLVVWXG\SURYLGHVHYLGHQFHRIELDVHVLQVHQVRU\ZHLJKWLQJZKHQWRXFKDQGSURSULRFHSWLRQDUH
LQWHJUDWHG5HIHUHQFH>@DOVRGHPRQVWUDWHGDVLPLODUHIIHFWZKHUHFRQIOLFWLQJ WDFWLOH LQSXWGLVWRUWHG OLPESRVLWLRQVHQVH
)LQDOO\ WKLV SDSHU DGYRFDWHV WKH FRQWLQXHG XVH RI YLUWXDO UHDOLW\ WUDLQLQJ VLPXODWRUV DV RQH DYHQXH WR RYHUFRPH WKHVH
GLIILFXOWLHV7UDLQLQJDOORZVFKDQJHVWRWDNHSODFHZLWKLQWKHVXUJHRQV¶VFKHPDWKURXJKDQDGDSWDWLRQWRDOWHUDWLRQVLQWKH
DFFXUDF\RIKDSWLFIHHGEDFNSURYLGHGE\URERWLFLQWHUIDFHV

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